In this article, some new integral inequalities of Hermite-Hadamard type for s-convex functions on the co-ordinates on the rectangle from the plain are given.
Introduction
The following definition is well-known in the literature: a function f : I → R is said to be convex on an interval I in R if the inequality f (tx + (1 − t)y) ≤ tf (x) + (1 − t)f (y) holds for all x, y ∈ I and t ∈ [0, 1].
Many important inequalities have been established for the class of convex functions but the most famous is the Hermite-Hadamard's inequalities, which is stated as:
for all a, b ∈ I with a < b. A modification for convex functions on Δ, which are also known as coordinated convex functions, was introduced by Dragomir [4, 5] 
A formal definition for co-ordinated s-convex functions may be stated as follows; Definition 3. A function f : Δ → R + will be called convex on the coordinates on Δ if the following inequality
holds, for all t, λ
Clearly, every convex function f : Δ → R is convex on the co-ordinates. Furthermore, there exist co-ordinated convex function which are not convex [4] . For recent results on co-ordinated convex functions we refer the interested reader to [1, 2, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15] .
The following Hermite-Hadamard type inequalities for co-ordinated convex functions on the rectangle from the plane R 2 was proved in [4, 7] :
Then the following inequalities hold:
The above inequalities are sharp.
In a recent article [15] , Sarikaya et al. established some new inequalities that give estimate of the difference between the middle and the rightmost terms in (3) for differentiable co-ordinated convex functions on the rectangle from the plane.
The main aim of this article is to establish some new Hadamard type integral inequalities involving differentiable co-ordinated s-convex functions on the rectangle from the plain R 2 .
Main results
The following lemma is necessary and plays an important role in establishing our main results:
, then the following identity holds:
where
Proof. Integrating by parts, we have the following identities:
which implies the desired result.
is an s-convex function on the co-ordinates on Δ, then the following inequality holds:
Proof. From Lemma 1 and using the property of modulus, we get
Since
is an s-convex function on the co-ordinates on Δ, we have
By the similar way, also we have
Substituting the inequalities (8)- (11) in (7), we get the desired result. , then we get the following inequality: 
Corollary 2.1. In Theorem 2.1, (a) if we choose x = a and y = c, or x = b and y = d, then we get the following inequality:
f (b, d) − 1 d − c d c f (b, v)dv − 1 b − a b a f (u, d)du + 1 (b − a)(d − c) d c b a f (u, v)dudv ≤ (b − a)(d − c) (s + 2) 2 ∂ 2 f ∂t∂λ (a, c) (s + 1) 2 + ∂ 2 f ∂t∂λ (a, d) s + 1 + ∂ 2 f ∂t∂λ (b, c) s + 1 + ∂ 2 f ∂t∂λ (b, d) .1 4 f ( a + b 2 , c + d 2 ) + f ( a + b 2 , d) + f (b, c + d 2 ) + f (b, d) − 1 2 1 b − a b a f (u, c + d 2 + f (u, d) du + 1 d − c d c f ( a + b 2 , v) + f (b, v) dv + 1 (b − a)(d − c) d c b a f (u, v)dudv ≤ (b − a)(d − c) 16(s + 1) 2 (s + 2) 2 (s 2 + 5s + 7) ∂ 2 f ∂t∂λ ( a + b 2 , c + d 2 ) + (s + 2) ∂ 2 f ∂t∂λ ( a + b 2 , c) + ∂ 2 f ∂t∂λ (a, c + d 2 ) + (s + 1)(s + 2) ∂ 2 f ∂t∂λ ( a + b 2 , d) + ∂ 2 f ∂t∂λ (b, c + d 2 ) + ∂ 2 f ∂t∂λ (a, c) + (s + 1) 2 ∂ 2 f ∂t∂λ (b, d) + (s + 1) ∂ 2 f ∂t∂λ (a, d) + ∂ 2 f ∂t∂λ (b, c) .
Theorem 2.2. Let f : Δ → R be a twice partial differentiable function on
Proof. From Lemma 1 and using the well-known Hölder inequality for double integrals, we get
is an s-convex function on the co-ordinates on Δ for q > 1, we know that for t ∈ [0, 1],
(ii)
(iii)
(iv)
By the substitution of (13)- (16) in (12), we get the desired result. , then we get the following inequality: 
